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Technical modifications in endoscopic vein harvest
techniques facilitate their use in lower extremity
limb salvage procedures
Juan Carlos Jimenez, MD, Peter F. Lawrence, MD, David A. Rigberg, MD, and
William J. Quinones-Baldrich, MD, Los Angeles, Calif
Objective: We describe and report our results using endoscopic vein harvest (EVH) for lower extremity arterial bypass
procedures, following the implementation of technical modifications specific to patients undergoing limb salvage
procedures.
Methods:We underwent training in EVH, followed by implementation of the technique in patients requiring limb salvage
for lower extremity ischemia and aneurysms. After technical modifications in the technique were developed for limb
salvage, we reviewed our experience in all patients who underwent minimally invasive distal bypass with EVH.
Results: Technical modifications include limited arterial dissection before vein harvest, the use of proximal and distal leg
incisions for both exposure of arterial vessels and saphenous vein harvest, improved hemostasis techniques in the vein
graft tunnel, avoidance of compression wraps to the ipsilateral harvest tunnel, complete removal of the vein with either
reversed or nonreversed graft placement, and use of the endoscopic tunnel for conduit placement. Thirteen patients (14
limbs) have undergone minimally invasive distal bypass since technical modifications were implemented. Indications for
EVH were rest pain (n  12; 85.7%) and tissue loss (n  8; 57.1%). Veins harvested were the ipsilateral great saphenous
vein (n  10; 71.4%), contralateral great saphenous vein (n  2; 14.3%), and short saphenous vein (n  2; 14.3%). No
venous injuries occurred during endoscopic harvest, and all were used for bypass. Thirty-day primary and primary assisted
patency rates were 85.7% and 92.9%, respectively. The limb salvage rate was 100%. Two patients developed postoperative
hematomas, one early and one late, as a result of anticoagulation for cardiac comorbidities. Both patients required
reoperation for successful re-establishment of patency. There were no perioperative deaths and no postoperative wound
infections or complications. Two patients required a later prosthetic bypass, and two required a vein graft angioplasty.
Complete wound healing was achieved in 75% of patients with preoperative tissue loss.
Conclusions: Technical modifications in endoscopic saphenous vein harvest techniques facilitate their use in lower
extremity limb salvage procedures. Vascular surgeons should become familiar with these techniques to minimize vein
harvest wound complications and extend the options for limb salvage conduits, including use of both the ipsilateral and
contralateral saphenous vein and the short saphenous vein. Meticulous hemostasis within the tunnel after endoscopic
conduit harvest and avoidance of postoperative anticoagulation should help to prevent postoperative hematoma
formation and early graft occlusion. (J Vasc Surg 2007;45:549-53.)Endoscopic vein harvest (EVH) has been well de-
scribed in the cardiac surgery literature and has been found
to shorten operative times, decrease the incidence of post-
operative wound complications, and reduce postoperative
pain.1-5 New endoscopic vein-harvesting systems have been
developed for more effective ligation of branches and less
traumatic injury to the vein and surrounding tissues. These
newer, more efficient harvesting systems have extended the
options for harvest to a greater variety of autogenous
conduits.
Despite the increasing use of endovascular therapy in
patients with lower extremity arterial disease, there remain
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doi:10.1016/j.jvs.2006.10.050a subset of patients who require open surgical reconstruc-
tion. Traditional harvest of the saphenous vein for lower
extremity limb salvage procedures is often associated with
long surgical incisions in patients with poor limb perfusion
and impaired wound healing. Recent technical advances in
EVH have extended use of this technique to complex limb
salvage procedures; EVH has been reported for limb sal-
vage procedures, with comparable graft patency, decreased
wound complications, and decreased cost compared with
conventional vein harvest.6-10 However, lower extremity
arterial bypasses have different conduit needs, including
longer segments of continuous conduit in limb salvage
patients and the option to use the harvest tunnel for place-
ment of the graft. At our institution, we have implemented
technical modifications in traditional EVH for patients
undergoing limb salvage procedures, and we report on
these modifications, as well as our early experience.
METHODS
Device training. All endoscopic training and vein har-
vests were performed by using the Guidant Vasoview 7
Endoscopic Vessel Harvesting System (Guidant, Indianap-
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surgeons and vascular fellows at our institution. Training
on operative simulators preceded harvest in the operating
room; each resident and attending surgeon was trained
with an industry representative, including familiarization
with the different components of the device and the oppor-
tunity to view a videotape of the device components and
technique of vein harvest. Each primary surgeon then used
the simulator to practice the technique.
Operating room procedure. Preoperative duplex
vein mapping was performed in all patients to ensure ade-
quate size and caliber of the conduit and to facilitate
placement of the EVH incisions. For great saphenous vein
(GSV) harvest, the patient was placed supine on the oper-
ating table. If the vein was harvested from the ipsilateral leg,
a unilateral sterile preparation was performed from the
umbilicus to the toes. Bilateral sterile preparation was per-
formed when contralateral vein harvest was planned on the
basis of preoperative studies. For short saphenous vein
(SSV) EVH, the patient was placed prone and prepared
from the toes to the buttock crease.
All patients received antibiotic prophylaxis within 30
minutes of the first skin incision. A first-generation cepha-
losporin was used in most patients; however, vancomycin
was used in patients with a penicillin allergy. Limited,
strategically placed incisions were made over the proximal
and distal arterial targets to allow measurement of the exact
length of vein conduit needed. Care was taken to avoid
excessive dissection, which could to lead to leaking of
carbon dioxide during subsequent insufflation of the har-
vest tunnel.
For saphenous vein harvest, a 2-cm axial incision was
placed either above or below the knee and directly over the
vein map mark. Dissection of the subcutaneous tissues over-
lying the saphenous vein was used to expose the adventitial
layer of the vein, which was encircled with a silastic tape, and
to allow space for placement of the blunt tip trocar (BTT).
Once the BTT was inserted into the subcutaneous space,
25 mL of air was injected into the balloon port to ensure
optimal seal. Carbon dioxide insufflation tubing was then
connected to the BTT at a flow rate of 3 to 5 L/min up to
a maximal pressure of 10 to 15 mm Hg.
Dissection of the GSV was usually performed in the
cephalad direction to the level of the saphenofemoral junc-
tion. The endoscope with the removable conical dissection
tip was then placed into the BTT, and the anterior and
posterior walls of the vein were dissected from the sur-
rounding adventitia. Care was taken to maintain the endo-
scope in a position parallel to the vein to prevent direct
vessel wall injury. Once the entire vein in the thigh was
skeletonized and suspended by its branches, the Vasoview
harvesting cannula was then inserted to retract, cauterize,
and divide all the branches. By using the retractable C-ring
in combination with a bipolar dissector, all branches of the
vein were cauterized and divided at electrocautery settings
of 15 to 25W.Care was taken tomaximally retract themain
vein in the opposite direction and create tension at each
individual branch point to avoid thermal injury to the veinitself. Absolute hemostasis was attempted in the remaining
vein stump and tunnel, because the tunnel might be used
for the arterialized conduit once it was removed; the
branches were tied, and the proximal anastomosis was
constructed. Once all the branches were divided, the vessel
cradle or C-ring was used to run alongside the entire vein to
ensure complete skeletonization. The entire procedure was
then performed in the reverse direction toward the ankle, to
harvest the below-knee GSV. Once the vein was skeleton-
ized, the incisions placed to expose the proximal and distal
arterial targets were used to remove the harvested GSV for
preparation. The vein was flushed with heparinized saline
and grossly assessed for size, distensibility, intimal webs,
and visible vein wall injuries. Routine angioscopy was not
performed. Cauterized side branches were tied with 4-0 silk
or reinforced with individual 7-0 polypropylene sutures.
The patients were then administered intravenous hep-
arin at 50 to 75 U/kg. The veins were then either reversed
or treated with an expandable valvulotome for nonreversed
placement (LeMaitre, Burlington, Mass). The decision
about vein direction was based on the length and diameter
of the vein conduit, as well as the size of the recipient artery.
The proximal anastomosis was then performed with run-
ning polypropylene sutures in our standard fashion. The
graft was then distended with arterialized blood and passed
into the harvest tunnel under direct Vasoview cannula
insertion to avoid torque or twisting the vein. The distal
anastomosis was performed in a fashion similar to that of
the proximal anastomosis.
For harvest of the SSV, the patient was placed in the
prone position, and incisions were placed over the popliteal
and tibial or peroneal arteries. The SSV was then harvested
endoscopically as described previously. The vein was re-
moved from the harvest tunnel by using the previously
placed incisions and reversed or left in situ. The proximal
anastomosis to the below-knee popliteal artery was per-
formed, the vein was placed back in the harvest tunnel, and
the distal anastomosis was performed in a similar fashion.
Care was taken to ensure complete hemostasis within
the harvest tunnel before wound closure. All incisions were
closed by using absorbable subcuticular sutures. Aspirin
antiaggregate therapy was used, and compression wraps
were strictly avoided on the limb undergoing distal bypass.
Clinical outcomes. The medical records were re-
viewed, and preoperative risk factors (age, sex, presence of
documented coronary artery disease, congestive heart fail-
ure, prior myocardial infarction, pre-existing arrhythmia,
hypertension, chronic obstructive pulmonary disease, smok-
ing history, diabetes mellitus, and renal failure) and the pres-
ence of lower extremity claudication, rest pain, and tissue loss
were documented. A history of endovascular procedures,
open bypass, or amputationwas noted for both lower extrem-
ities. Vein harvest sites and types (ipsilateral, contralateral,
GSV, SSV, and so on), as well as proximal and distal arterial
targets, were documented. Intraoperative details, including
estimated blood loss and operative times, were noted. Exact
vein lengths were notmeasured in this cohort of patients. The
postoperative course was obtained from the medical record
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major perioperative (30days) complications, including graft
patency, the need for reintervention, wound dehiscence or
infections, and death.
Statistical analysis was performed where applicable by
using Excel 2003 (Microsoft Corp, Redmond, Wash). This
study was conducted with the approval of the University of
California Institutional Review Board.
RESULTS
From January 2005 through September 2006, 13 pa-
tients underwent lower extremity arterial bypass with en-
doscopic vein harvest on 14 limbs by using the modified
techniques described. Approximately 90% of below-knee
bypasses for limb salvage at our institution are performed
with veins. At the end of the 21-month period, EVH was
used as the primary method for harvesting conduits for
limb salvage. Eight patients were male, and five patients
were female. The mean age of patients was 67.2  10.3
years. Indications for operation were rest pain (n  12;
85.7%), rest pain with associated tissue loss (n 8; 57.1%),
and popliteal aneurysm (n  2; 14.3%). Preoperative risk
factors included coronary artery disease (n  9; 69.2 %),
prior myocardial infarction (n  5; 38.5%), pre-existing
arrhythmia (n  2; 15.4%), prior stroke (n  3; 23.1%),
insulin-dependent diabetes mellitus (n 8; 61.5%), hyper-
tension (n  12; 92.3%), smoking history (n  7; 53.8%),
and pre-existing renal insufficiency (n  3; 23.1%). One
patient was dialysis dependent (8.3%). The average number
of pack-years among smokers was 37.0  11.3. Five pa-
tients (38.5%) underwent prior ipsilateral angioplasty with
or without stenting. Five patients (38.5%) had a history of a
failed ipsilateral open revascularization. Four patients (30.7%)
had a history of a contralateral open revascularization (33.3%).
Four patients (30.7%) underwent prior ipsilateral foot ampu-
tation. Three patients (23.1%) had a history of contralateral
foot amputation, and two patients (15.4%) had prior con-
tralateral leg amputations.
Thirteen limbs (92.9%) underwent a distal anastomosis
to a below-knee artery. The above-knee popliteal artery was
the distal target in one patient (7.1%). Ten patients (71.4%)
underwent ipsilateral GSV harvest, and two patients (14.3%)
underwent ipsilateral SSV harvest. Two patients (14.3%) un-
derwent contralateral GSV harvest. All veins were used for
bypass after endoscopic harvesting. One patient underwent
endoscopic GSV harvest with subsequent splicing to the ba-
silic vein, which was harvested with an open technique. Ten
veins (71.4%) were reversed, and two (14.3%) were treated
with a valvulotome and placed back through the harvest
tunnel nonreversed.
The mean operative time was 410.4  123.7 minutes.
The mean estimated blood loss was 319.6 245.4 mL. All
grafts were patent at the completion of the operation on the
basis of either ultrasonography or angiographic confirma-
tion. The mean number of incisions required was 3.43 
0.93.
Follow-up ranged from 1 to 19 months (mean, 5
months). The 30-day and overall primary patency rateswere 85.7% and 92.9%, respectively. Actuarial primary as-
sisted patency was 63.6%. One graft occluded before 30
days in a patient who sustained a postoperative myocardial
infarction and required a therapeutic heparin drip. The
patient developed a large groin hematoma, which resulted
in graft occlusion. The patient was taken to the operating
room for open revision to re-establish graft patency. The
vein graft occluded 6 months later and necessitated open
bypass with a prosthetic graft. Four patients (28.6%) under-
went ipsilateral toe and/or foot amputation after revascu-
larization. Two patients were found to have flow-limiting
graft stenoses during surveillance duplex scans at more than
30 days of follow-up. Both patients underwent angioplasty,
with maintenance of graft patency. Three patients had vein
graft occlusions at more than 30 days. One patient (men-
tioned previously) underwent open bypass with polytetra-
fluoroethylene graft. Another patient presented with distal
anastomotic bleeding at an outside hospital and was treated
with direct compression and subsequent vein graft occlu-
sion. He later underwent open bypass with a prosthetic
conduit. The third patient opted not to have further inter-
vention but had partial improvement of symptoms without
the need for amputation.
There was one (8.3%) perioperative myocardial infarc-
tion. Otherwise, there were no perioperative (30 days)
episodes of congestive heart failure, stroke, respiratory fail-
ure necessitating reintubation, or renal failure necessitating
dialysis. There were no perioperative deaths. There were no
postoperative wound infections or wound dehiscences. No
patient required an ipsilateral leg amputation. The limb
salvage rate was 100%. Six (75%) of eight patients with
pre-existing tissue loss achieved complete healing after
revascularization.
DISCUSSION
The efficacy of endoscopic vein harvest and its role in
the setting of cardiac surgery has been well established in
recent years and has become the standard of care at our
institution. As vein harvest technology has improved, its
use has been extended toward peripheral vascular surgery
and limb salvage where longer, continuous segments of
vein are required. However, certain key differences exist
when using minimally invasive vein harvest for lower ex-
tremity bypass procedures, and, as a result, important mod-
ifications in technique must be taken into account.
Precise, well-planned incision placement can limit both
the length and number of incisions necessary during the
operation. Although the incidence of peripheral vascular
disease is common in patients undergoing coronary artery
bypass grafting, patients undergoing peripheral arterial by-
pass for rest pain and tissue gangrene have even poorer
wound-healing capacity. Preoperative vein mapping with
ultrasonography should be performed in all patients to
trace the full course of the vein and limit incision numbers
and lengths. For arterial bypass originating from the com-
mon femoral, superficial femoral, or profunda femoris ar-
tery, one proximal axial incision in the groin or proximal
thigh can be used both to expose the proximal arterial
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ral junction.
A small incision (2 cm minimum) is necessary in the
medial thigh to initiate endoscopic GSV harvest both above
and below the knee. In cases in which the distal arterial
target is either the above- or below-knee popliteal artery,
this incision can be strategically placed to allow for simul-
taneous vein harvest and arterial exposure. A limited (0.5-
cm) incision over the saphenous vein in the lower leg is all
that is necessary to ligate the most distal portion of GSV
after EVH. This incision can then be extended for exposure
of the tibioperoneal trunk, the posterior tibial artery, or the
proximal two thirds of the peroneal artery from a medial
approach.
EVH can also be used to harvest the SSV; this is
especially useful for infrapopliteal bypass. Preoperative vein
mapping is helpful to ensure adequate size and location of
branching. The SSV traditionally has more branches than
the GSV. The patient is positioned prone with the knee in
full extension. A proximal incision overlying the popliteal
fossa can be used to harvest the proximal SSV at its junction
with the popliteal vein and to expose the popliteal artery.
An incision in the distal third of the leg can be used both to
ligate the distal SSV and to allow for distal exposure of the
posterior tibial and peroneal arteries. Both endoscopic har-
vest of the SSV and bypass can be accomplished with the
patient in the prone position. Exposure of the anterior tibial
artery and distal third of the peroneal artery usually requires
separate incisions because of their location in the anterior
and lateral compartments, respectively.
After EVH during coronary artery bypass grafting,
compression wraps are routinely placed around the harvest
tunnel for hemostasis after vein removal.11,12 In peripheral
arterial bypass, if the autogenous conduit is placed within
the tunnel or in the ipsilateral leg, then more meticulous
hemostasis must be ensured during EVHbecause the use of
compression bandages will compromise graft patency.
Postoperative therapeutic anticoagulation should also be
avoided. In our series, we had two postoperative wound
hematomas: one early and one late. Both patients were
anticoagulated for cardiac-related indications (myocardial
infarction and atrial fibrillation), and both hematomas led
to graft compression and closure. The early hematoma
occurred in the harvest tunnel at the level of the groin after
initiation of intravenous heparin for an acute myocardial
infarction.
EVHmay also lead to increased use of the contralateral
saphenous vein in patients undergoing bypass for limb
salvage. Operative time and concerns about long incisions
and wound complications on the contralateral leg with
traditional open GSV harvest have traditionally prompted
surgeons to harvest vein preferentially from the ipsilateral
leg. In instances in which the contralateral vein is larger and
a better caliber for grafting, EVH can be performed by
using two or three incisions of less than 2 cm. Contralateral
harvest may also decrease operative times, because a second
surgeon may expose the proximal and distal arteries on the
ipsilateral leg simultaneously.Our series focuses on the technical modifications re-
quired when EVH is adopted for distal bypasses in patients
with peripheral arterial occlusive disease. With the excep-
tion of one patient who underwent EVH for bilateral
popliteal aneurysms, most patients in our series presented
with rest pain and tissue loss necessitating below-knee
arterial bypass. Training on simulators should reduce the
learning curve in mastering these advanced endoscopic
techniques. Without a simulator, the learning curve for
these procedures has been estimated to be approximately
20 to 30 cases for EVH of the GSV in the thigh and 50
below the knee. This may be higher for other conduits
(SSV, radial artery, and basilic vein).13
The lack of postoperative wound infections or com-
plications in our study is in agreement with the decreased
wound morbidity reported by other authors with
EVH.1,7,8,10 The 75% overall healing rate of patients
presenting with pre-existing ischemic foot wounds and the
100% limb-salvage rate compare favorably to published
studies.
In our experience, technical modifications in endo-
scopic saphenous vein harvest techniques facilitate its use in
lower extremity limb-salvage procedures. Vascular sur-
geons should become familiar with these techniques to
minimize vein harvest wound complications and extend the
options for conduits, including the use of both the ipsilat-
eral and contralateral saphenous vein and the SSV. Metic-
ulous hemostasis within the tunnel after endoscopic con-
duit harvest and avoidance of postoperative anticoagulation
are especially important to prevent postoperative hema-
toma formation.
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